Transient Three-Dimensional Analysis of Nozzle Side Load 
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Introduction 
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must be developed to aid the understanding of side loa 
physics and development of future reusable engines. 


Introduction Continued 
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Governing Equations 
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Run Matrix 
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Computed z-plane Mach number contours of the cooled nozzle 

showing FSS-to-RSS transition 
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Computed side forces for the adiabatic nozzle from 0 ~ 2 s 













Computed side forces for the cooled nozzle from 0 ~ 2 s 









Computed scalar contours for the adiabatic nozzle at 2.625 s 



Computed exhausting and receding wall OH contours for the 

adiabatic nozzle 




Computed side force loci for the adiabatic nozzle 
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Computed scalar contours for the cooled nozzle at 2.580 s 




Computed exhausting and receding wall OH contours for the 

cooled nozzle 





Computed tangential force loci for the cooled nozzle 
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Computed side forces for the adiabatic nozzle from 2 ~ 4 s 



lip FSS oscillation 














Computed near lip wall pressure, shear stress, and heat flux 

histories for the cooled nozzle 
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A comparison of dominant frequencies 
















A comparison of local peak side loads 



Normalized. 
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physics. 


Conclusions - continued 




By comparing the computed results with those of test 
observations, it is deduced that cooled wall is a more 
realistic boundary condition than that of an adiabatic wall 
for a regeneratively cooled engine. 


Conclusions - continued 
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dominant side load physics for the regeneratively 
cooled, high aspect-ratio rocket engines. 


